Body axis formation is a critical stage of development in most multicellular organisms. In Drosophila melanogaster, the anteroposterior (AP) body axis is determined by the polarization of the developing oocyte [9, 10] . The egg chamber is composed of 16 germ cells (15 nurse cells plus the oocyte) and the follicular epithelium ( Figure 1A) . Specification of the AP axis requires active transport of several mRNAs along the microtubule network, thereby resulting in asymmetric mRNA and protein localization inside the oocyte [11] . For example, bicoid (bcd) and oskar (osk) mRNAs localize to and control the formation of the anterior and posterior poles, respectively [9] [10] [11] . This process is initiated through bidirectional signaling between the oocyte and the adjacent follicle cells. In midoogenesis egg chambers, grk mRNA is localized between the oocyte nucleus and the plasma membrane at the presumptive posterior pole and targets the Grk signal to the posterior follicle cells (PFCs) only [12, 13] . Grk is believed to be the ligand for the Torpedo/DER (EGFR) signaling pathway, which controls PFC identity. Once they are specified, the PFCs send an unknown signal back to the oocyte; this signal is required to establish oocyte posterior polarity [14] .
Mer, which has recently been proposed to be part of the SWH network in tissue-size control [15] , was suggested to play a role in signal back [16] . We therefore decided to address whether other members of this network could play a role in body axis formation.
Hpo Controls the Polarity of the Oocyte
We first tested whether hpo, like mer, is required in PFCs to control oocyte polarity by generating FLP/FRT mitotic clones of mutant cells in the egg chamber with either a kinase-dead (hpo JM1 ) or a truncating (hpo BF33 ) allele of hpo [17] . These two alleles behave similarly in all subsequent experiments.
In wild-type egg chambers, the RNA-binding proteins Staufen (Stau) and Osk are localized in a crescent at the posterior pole of the oocyte ( Figures 1B and 1E ). When the PFCs were mutant for hpo (visualized by the lack of GFP), both Osk and Stau are mislocalized. If all PFCs were mutant, both Stau and Osk were found in the middle of the oocyte or were absent in some cases for Osk (Figures 1D and 1F and Table S1 in the Supplemental Data available online). When hpo clones affected only a portion of the PFCs, Stau was mislocalized almost exclusively in the mutant part ( Figure 1C and Table S1) , showing, in agreement with previous studies [18] , the importance of the crosstalk between PFCs and the oocyte.
In hpo germline clones, Stau localization is unaffected if the PFCs are wild-type, suggesting that Hpo is not required for secretion of the Grk signal by the oocyte ( Figure 1G ). Similarly, hpo activity in polar cells is not sufficient to rescue hpo PFC phenotypes because chambers with mutant PFCs and wild-type (GFP-positive) polar cells show disrupted Stau localization ( Figure 1D ). Together, these data suggest that hpo is required in the PFCs to control oocyte polarity.
By using Stau localization as a readout, we found that like mer [16] and hpo, ex, sav, mats, wts, and yki are playing a role in PFCs to control oocyte polarity (Figures  1H and 1I and Table S2 ), suggesting that ''canonical'' Hpo signaling is responsible for the observed phenotype. In contrast, fat (ft) and discs overgrown (dco) are not required in PFCs to control oocyte polarity ( Figure 1J and Table S3 ; data not shown). This suggests that the core components of the SWH network but not the SWH-associated PCP genes are required for anteroposterior axis formation.
The microtubule cytoskeleton plays an active role in the correct localization of posterior determinants such as Osk mRNA and Stau [19] . We therefore tested *Correspondence: nicolas.tapon@cancer.org.uk whether the microtubules are normally organized when the PFCs were mutant for hpo. The oocyte nucleus is initially positioned at the posterior pole (up to stage 6) and migrates to an anterodorsal localization in a microtubule-dependent manner after the signal back from the PFCs (stages [7] [8] [9] [10] [11] [12] [13] [14] . The oocyte nucleus fails to migrate to an anterodorsal position in 50% of egg chambers with PFC hpo clones (n = 29, Figures S1A and S1C, arrowheads). We then drove the expression of a tubulin-GFP fusion protein in the germline to visualize the microtubule network [20] . In control oocytes, tubulin-GFP forms a regular network of filaments with a stronger accumulation at the anterior pole corresponding to the nucleation site ( Figure S1A ). Egg chambers with hpo mutant PFCs present ectopic Tubulin-GFP accumulation at the posterior pole of the oocyte ( Figure S1B, arrow) . Apart from this defect, the general aspect of the microtubule network is normal in egg chambers with hpo PFC clones, even when the oocyte nucleus has failed to migrate to the anterior end ( Figure S1C ). Finally, we examined microtubule polarity by using both NodbGalactosidase (Nod-bGal, minus end marker-anterior) and Kinesin-bGalactosidase (Kin-bGal, plus end marker-posterior) fusion proteins [21] (Figures S1D-S1I ). When the PFCs were mutants for hpo, Nod-bGal was present at both poles or only at the posterior of the oocyte when the nucleus failed to migrate (Figures S1E and S1F). When all PFCs were hpo mutant, KinbGal localization was in a diffuse cloud in the middle of the ooplasm (Figure S1I, arrow). As for Stau, only half of the Kin-bGal was normally localized when only part of the PFCs were hpo mutant ( Figure S1H ). Together these data support the idea that core components of the SWH pathway are required in the PFCs to build oocyte polarity, controlling microtubule-network orientation.
Hpo Controls Both Proliferation and Polarity of the Posterior Follicle Cells
Because the SWH network is known to control cell number, we used a phosphorylated Histone 3 (PH3) antibody to follow cell division in the follicle cells. During eggchamber development, follicle cells undergo normal mitotic divisions up to stage 6, thereby giving rise to w650 follicle cells surrounding the germ cells ( Figure 2A ). Follicle cells then switch from mitotic cycles to three rounds of endoreplication cycles (endocycles) during stages 7-10A. Thus, follicle cells normally stop proliferating after stage 6, as assayed by the absence of PH3-positive cells [22] ( Formation of extra layers in the follicular epithelium has been reported to result from misorientation of the mitotic spindle [23] . Normally, the mitotic spindle is parallel to the surface of the germline cells (Figures 2F and  2F 0 ) but appears randomly oriented in hpo mutant PFCs because we observed both parallel and perpendicularly oriented spindles ( Figures 2G and 2H 0 ). This defect in the mitotic-spindle orientation is probably responsible for the double-layer formation. The proliferation defect specifically affects PFCs because reduced nuclei, ectopic PH3 foci or double layers were not obvious elsewhere ( Figure 2E and data not shown). Finally, we found that loss of the core components of the SWH network, but not of ex for which the proliferation defect is weaker, produced a double cell layer (Figures S2A, S2B, and S2K and data not shown).
In imaginal discs, loss of SWH pathway genes leads to increased expression of Yki target genes [2, 4, 15] . We tested whether this is also the case in PFCs. As expected, disruption of SWH activity in PFCs gave rise to an increase in ex expression (monitored with the ex-LacZ enhancer trap), although we did not detect changes in DIAP1 or cycE expression ( Figures 2I-2J 0 and data not shown). ex upregulation was restricted to the PFCs in both wts mutant cells and yki gain-of-function experiments ( Figure 2K and Figures S3A-S3B 00 ). Our results suggest that core components of the SWH network specifically control proliferation of a particular subset of follicle cells required for body axis establishment.
Because hpo mutant PFCs were still dividing after stage 6, we assessed whether hpo loss of function could affect PFC polarity. Armadillo (Arm) and Discs large (Dlg) normally label the adherens junctions and the lateral region of the cell, respectively (see Figures S4E, S4I, S4K , and S4L and [24] for review). In hpo mutant PFCs, these were found all around the cells ( Figures S4F, S4J, S4M,  and S4N ). In addition, the level of Arm, atypical Protein Kinase C (aPKC), and phosphorylated Moesin (P-Moe) were increased ( Figures S4A-S4D , S4E-S4F, and S4G-S4H, respectively). Nevertheless, some aspects of the polarity in these cells were preserved because aPKC was still localized in the apical domain facing the oocyte ( Figure S4D ).
Hpo Controls Maturation of the Posterior Follicle Cells
Grk signals via the EGF receptor Torpedo (Top) and activates the Ras signaling pathway, specifying the PFC identity. The PFC fate can be followed by the expression of the Ras target pointed (pnt-LacZ) [12, 14] . In the absence of hpo, pnt-LacZ expression was disrupted in most but not all PFC clones ( Figures 3A-3C 00 ). Nevertheless, hpo mutant PFCs were still able to activate the Jak/ STAT pathway in response to a signal emerging from the polar cells [25] , (monitored with a STAT reporter [26] ; Figures S5A-S5C 00 ) suggesting that the polarity defect observed in hpo mutant PFCs does not affect their ability to receive secreted signals in general. wts mutant PFCs were negative for the dpp-LacZ reporter, a specific marker of the anterior follicle cell fate (stretch and centripetal cells), suggesting that when the SWH pathway is compromised, the PFCs are not merely transformed into anterior cells ( Figures S5D-S5F 00 ). In addition, we found that hpo mutant PFCs present characteristics of immature cells such as maintenance of Fasciclin III (FASIII) and eyes absent (eya) expression ( Figure 3B and Figures S5G-S5I 00 ). Normally, the level of these two genes is downregulated when the follicle cells switch from mitotic cycles to endocycles ( [22, 27, 28] ; Figure 3A 00 and Figure S5G ). We noted that, when hpo mutant PFCs were FASIII positive, they did not express pnt-LacZ and vice versa ( Figures 3B-3E 00 ). In addition, we found that pnt-LacZ-positive hpo mutant PFCs have normal Stau localization ( Figures 3F-3G  0 ). This suggests that the primary defect in hpo mutant cells is the failure to mature. In the rare cases where hpo mutant PFCs mature properly, they are competent to transduce the Grk signal, and oocyte polarity is normal (Figures 3F-3F 0 ).
Hpo Controls Signaling Downstream of Notch in Posterior Follicle Cells
Notch (N) is required in the follicle cells for the mitoticendocycle switch that occurs at stage 6 and for controlling follicle cell identity [22, 27] . N mutant follicle cells, like hpo mutant PFCs, keep proliferating because they are stuck in an immature state and continue to express undifferentiated markers such as FASIII [22, 27] . Recently, members of the SWH network were reported to modulate N activity by affecting its subcellular localization [29] . N protein, which localizes to the apical part of the follicle cells, is downregulated at midoogenesis [27] . This downregulation is delayed in wts and hpo mutant PFCs, possibly causing a defect in N signaling (Figures 4A -4C 00 and data not shown). We examined Hindsight (Hnt), a target of N, which starts to be expressed in all follicle cells at stage 7 after N activation [30] . Expression of Hnt in hpo mutant PFCs is compromised ( Figures 4D-4E 00 ). In addition, we found that the expression of Cut, which is normally inhibited by Hnt at stage 7, was maintained in hpo and wts clones up to stage 10 ( Figures 4G-4I 00 ). Finally, we tested whether the modulation of N activity by the SWH network was direct by looking at the expression of direct N reporters. We did not find an obvious reduction of the m7-LacZ [31] reporter in hpo PFC clones ( Figures 4J-4L 00 ). However, because of the perdurance of the b-galactosidase protein, this type of reporter is more suitable to follow increases rather than decreases in signaling. We therefore cannot entirely rule out that the SWH network might directly affect Notch activity. Nevertheless, together these data show that inactivation of the SWH network compromises the regulation of downstream targets of Notch such as Hnt and Cut. As is the case for FASIII, misregulation of these genes is restricted to the PFCs in a SWH mutant background ( Figures 4E, 4F, 4H , and 4I and Figure S3 ).
Is the SWH Network Acting Downstream of the EGFR Pathway?
Because of this spatial restriction of SWH activity to PFCs, we tested whether the SWH network could be part of the Torpedo/Ras pathway acting downstream of the Grk signal. We generated ras, wts double lossof-function clones ( Figures S6D-S6D 00 ). ras, wts clones present characteristics of both ras and wts single-mutant clones, namely upregulation of Dystroglycan (DG), as observed in ras clones by Poulton and Deng [18] (Figures S6B and S6D) , and maintenance of FASIII protein like wts clones ( Figures S6C, S6D, and S6G ). In addition, grk mutant egg chambers present only DG upregulation but no FASIII modification and no substantial change in ex expression (Figures S6E and S6F) . We therefore conclude that the SWH network and EGFR/Ras signaling are likely to act in parallel to control respectively PFC maturation and identity and that Grk is not the ligand that controls the SWH network activation.
Is SWH Network Playing a Role in Signal Back? Our last concern was to test whether the SWH network is involved in the PFC signal back that controls oocyte polarity. To tackle this point, we tried to uncouple the possible signal back to the oocyte from the PFC maturation phenotypes. We first analyzed ex loss of function, which affects Stau localization but presents a very reduced proliferation rate and double-layer formation compared to other SWH members (see Figures S2A-S2B 00 ). Unfortunately, ex loss of function still affected Arm, FASIII, and Cut protein levels in the PFCs, in particular at midoogenesis, when both the N and Grk signals act ( Figures  S2C-S2J ). We therefore generated mer, cut double mutants. In theory, this should force the cells to differentiate (lack of cut) and still affect SWH activity (lack of mer). As expected, whereas mer loss of function alone elicited both Cut upregulation and Stau mislocalization, mer/cut PFC clones were able to induce normal oocyte polarity, manifested by correct Stau localization ( Figures   S4M-S4N 000 ). We conclude that the activity of the SWH network is required to control PFC maturation, but this pathway is probably not involved in the signal-back process.
In conclusion, we have shown that the core components of the SWH network are required specifically to allow the maturation of the PFCs receiving the Grk signal, thus controlling AP body axis formation. We found that the PFC defect is due to a lack of Hnt expression in response to Notch signaling. Because we showed that the function of the SWH network is restricted to the PFCs, one interesting speculation is that it is an added layer of Notch regulation specific to PFCs, which, given their crucial role in initiating body axis formation, need robust control of signaling. Placing this regulatory element in complement and in parallel to the signal that initiates PFC specification (Grk) would ensure, in cooperation with the Unpaired signal (Jak/STAT pathway) from the polar cells, a tight and robust boundary between the PFCs and the rest of the follicle cells.
Finally our results make a clear distinction between the core components of the SWH network (hpo, sav, wts, mats, and yki) and mer, ex on one hand and the PCP genes (ft and dco) on the other. We can speculate that the core components are used in a variety of contexts during development, whereas the PCP genes are restricted to organ-size specification.
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